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 Abstract 

 The itoxicity, ilengthy ihalf-life iin ithe iatmosphere, iand icapacity ito ibioaccumulate iin ithe 

ihuman ibody imake iheavy imetals iwell-known ienvironmental icontaminants. iThere iare 

iseveral iways ithat ihumans imight ibe iexposed ito iheavy imetals, isuch ias ithrough ithe ifood 

ichain, icontaminated iwater ior isoil, ior iinhaling idust ior iair iparticles. Their bioaccumulation 

icould iresult iin ia ivariety iof iharmful ieffects ion ivarious iorgan isystems and ibodily itissues. 

iHeavy imetal itoxicity iis idetermined iby ithe imetal's icharacteristics, dosage, iexposure iroute, 

ilength iof iexposure i(acute ior ichronic), iand idegree iof bioaccumulation. iResearch ihas 

iindicated ithat iurban isoils ifrequently icontain igreater ilevels of ispecific iheavy imetals, isuch 

ias ilead i(Pb), icopper i(Cu), iand izinc i(Zn), iwhich iare frequently ilinked ito iindustrial 

iprocesses, ibuilding, iand ivehicle iemissions. iIn icontrast ito agricultural ifields, iurban igreen 

ispaces ihad ihigher imean iconcentrations iof iPb, iCu, iand Zn, iaccording ito ia istudy ion 

iurban igreen ispaces iand iagricultural iland iuses. iThere iwere notable idifferences iin ithe 

iconcentrations iof icertain iheavy imetals iin ithe isoil, iwater, iand specific icrop isamples. 

iSignificant iprogress iis ibeing imade iin ithe ianalysis iand iextraction of iheavy imetals ifrom 

icomplex imatrices ivia inanotechnology, ia ideveloping idiscipline. Numerous inanomaterials, 

isuch ias igraphene iand iits iderivatives, imagnetic inanoparticles, metal ioxide inanoparticles, 

iand icarbon inanotubes, ihave ibeen iused ito iremove iheavy metals. iThere iare inumerous 

iadvantages ito iusing inanotechnology ifor iheavy imetal analysis and iremoval ifrom ifood iand 

iwater isources ias iopposed ito imore iconventional techniques. 

Keywords: Heavy imetals, iEnvironmental ihealth, iToxicity, iNanotechnological iApproaches,  

iNanomedicine. 

Introduction 

Heavy imetals imake iup ia isignificant ichunk iof ithe iperiodic itable idue ito itheir ilarge 

atomic iweight iand idensity. iThe imajority iof ithem iare ifound iin ithe ibiosphere, iwhich 
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iincludes irocks, isoils, iand iwater. iOther imanmade iresources, iprimarily icommercial iand 

iindustrial, ialso irelease ithem iinto ithe ienvironment[1]. iFor imany iyears, ithe iharmful 

iproperties iof iheavy imetals ihave ibeen iunderstood. iRecent iexperimental istudies, ihowever, 

ihave idemonstrated ithat iseveral, isuch ias izinc, icopper, iand inickel, iare iabundant iin inature 

iand iessential ito ihuman ihealth. [1] 

 Globally idistributed, imanganese icomprises iaround i0.1 ipercent iof ithe iearth's icrust. iHeavy 

imetals, ihowever, ihave ia ilot iof inegative ieffects ion ithe ienvironment. iFor iinstance, iwhen 

imercury iis iconverted ito imethylmercury iin ithe ipresence iof iwater, iit iproduces ivery 

ipoisonous isediments[1-2]. ichromium iis iused iextensively iin iindustry iand ihas ithe ipotential 

ito icause icancer. iNonetheless, iseveral iheavy imetals iplay ia irole iin iregulating ispecific 

iphysiological iprocesses iin ithe ibody. iVia ifood, iair, iand iwater, inaturally ioccurring 

iessential iheavy imetals ienter ithe ibody iand icontrol ia iwide irange iof ibiological 

iprocesses[2]. 

 The imajority iof ihazardous iheavy imetals, isuch ias ilead, ithallium, icadmium, iand 

iantimony, iare ifrequently ifound iin iindustrial iprocesses iand isignificantly icontaminate ithe 

ienvironment. iAlthough iit iis iless icommon iin inature, ithallium ihas ia imore isevere ieffect 

ithan iother iheavy imetals iand ican iinduce ibaldness iin ipeople[3]. iThe irisks iassociated iwith 

iheavy imetals itypically ioutweigh ithe iadvantages; ifor iinstance, ihigh iexposure ito 

ichromium iand iantimony ipromotes icarcinogenicity[4], iand ilead ipoisoning iresults iin 

iintellectual iimpairments iin ichildren. iMinamata iillness iis icaused iby imercury itoxicity, 

iwhereas iitai-itai idisease iis icaused iby icadmium ipoisoning. iIn iaddition, iheavy imetals 

ihave ithe ipotential ito ibe iharmful ito ithe ihuman ibody's iorgans, iincluding ithe ikidneys, 

ibrain, iliver, iskin, iand iheart. iPeople imust irelocate iaway ifrom iindustrial ilocations iwith 

ihigh ilevels iof iheavy imetal iemissions iin iorder ito iprevent ihazardous iimpacts[4-5]. i 

 The ipersistent, ipoisonous, iand ibioaccumulative inature iof iheavy imetals i(HMs) imakes 

isoil icontamination ia imajor iglobal ienvironmental iproblem i[1, i2]. iThe ibuildup iof iheavy 

imetals i(HMs) inot ionly ireduces ithe iproduction iand iquality iof iagricultural iproducts, ibut 

iit ialso idegrades isoil iquality iand ihas ia idirect iimpact ion ithe iphysical iand ichemical 

icharacteristics iof ithe isoil i[3, i4]. iHMs, ior ipotentially ihazardous isubstances, ihave 

iaccumulated iin isoil ias ia iresult iof iagricultural ipractices, iurbanisation, iand iindustrial 

igrowth iduring ithe ipast ifew idecades i[5]. iNumerous igeo-environmental ifactors, iincluding 
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ithe icomposition iof ithe iparent irocks iand ithe itypes iof ihuman iactivities, iincluding ithe 

iuse iof iagricultural ipesticides, iinfluence ithe iultimate ilocation iand ieffects iof isuch 

ipollutants i[4]. iThe ilikelihood ithat iplants iwill iabsorb ithese imetals ican ibe iincreased iby 

ihigher isoil iconcentrations iof iHMs i[1]. iTherefore, iin iorder ito iguarantee ithe isafe iuse iof 

iinorganic ifertilisers, iorganic iwaste, iand ipesticides iduring icrop iproduction, icomprehensive 

irisk ievaluations iof iheavy imetal ibuildup iin ifarmlands iare inecessary i[2]. iSome imetals, 

isuch ias iAs, iCr, iCd, iand iPb, ican ibe ipoisonous ieven iat ilow iconcentrations iand ipose 

iserious irisks ito iplant, ianimal, iand ihuman ihealth ithrough ithe ifood ichain, iwhereas 

iothers, isuch ias iMn, iFe, iCu, iand iZn, iare inecessary iin itrace iamounts ifor ibiological 

iactivities i[3]. 

 Thei more common imetals iin ithe iEarth's icrust iare iiron iand imanganese, iwhich iare 

icommonly ifound iin iFe/Mn ihydroxides iand ioxides. i iWhen ipredicting iwhether ispecific 

iheavy imetals iwould idissolve ior iprecipitate iin isoil, ithese ihydroxides iand ioxides iare 

iessential i[5]. iOn ithe iother ihand, imost imetals iare iusually ieliminated ithrough ianimal 

iexcrement, ialthough isome, ilike iZn iand iCu, iare icommonly iadded ito ianimal ifeeds ifor 

itheir igrowth-promoting iand iantibacterial iproperties i[6]. iOne iof ithe ibiggest iproblems 

ifacing ithe iglobe itoday iis ithe ipoisoning iof iplants iand iwater iby iheavy imetals, iwhich 

ineeds ito ibe iaddressed. iExcessive ilevels iof iheavy imetals ipose ia iserious irisk ito iplant 

iand ianimal ilife. i iThe ioveruse iof ipesticides, ifertilisers, iirrigation, iatmospheric ideposition, 

iand iindustrial ieffluents iare isome iof ithe icauses iof iheavy imetal icontamination iin imany 

iecosystems. iCareful isoil imanagement iis ibased ion ian iaccurate iunderstanding iof iheavy 

imetal iconcentrations, itheir iforms, iand ihow ithey idepend ion ithe iphysicochemical 

icharacteristics iof ithe isoil i[3]. iHeavy imetal imotilities imay ibe icaused iby iinadequate 

imanagement iof isoil iand iwater iresources, iwhich icould ilead ito itheir ientry iinto ithe ifood 

ichain. i iThe imajority iof iheavy imetals ibuild iup ion isoil isurfaces iand iin ithe itopmost 

isedimentary ilayers iof iwater ibasins. iThey ialter itheir iproperties iby icombining iwith ithe 

imaterials ifound iin ithese iupper ilayers. i iThe imobile iform iof iorganic imaterials iand 

iheavy imetal iconcentrations iin isediments iis iconditioned iby ithe ipH iof ithe isoil, iwhich 

iacts ias ia ibuffer iand istores ithese imaterials ifor ia ilong iperiod iof itime i[2–6]. iIn ithe ipast, 

ia istudy iwas iconducted iin iBikaner ito ievaluate ithe ilevels iof iheavy imetal icontamination 

iin ivegetables ithat iwere iirrigated iwith iwaste iwater. iThe istudy's ifindings iindicated ihigher 
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ilevels iof iCu, iMn, iZn, iand iFe. iThere iwas isome iinformation iabout ithe iarea's iexposure 

ito iheavy imetals. iIn iorder ito ilearn imore iabout ithe iproblems iassociated iwith iheavy 

imetals iand ihow ithey icontaminate ithe iwater, isoil, iand ia ifew ichosen icrops iin ithe iSri 

iGanganagar idistrict, ithe icurrent istudy iwas iconducted. Because iof itheir ipotential 

iadvantages iin ieliminating ithe inegative ieffects iof iheavy imetals, inanotechnological 

imethods iare ialso igaining iinterest. iUsing iideas ifrom iphysics, ichemistry, iengineering, iand 

ibiology ito icreate imaterials ior idevices iat ithe inanoscale iis iknown ias inanotechnology. iAs 

inanotechnology ihas igrown, iheavy imetal idetection iand iremoval inanomaterials ihave ibeen 

imeticulously icreated iand iproduced, ioffering inumerous iadvantages[4]. 

 Heavy Metals In The Environment 

 Although iheavy imetals iare inecessary ifor isurvival iand iare ifound inaturally iin ithe 

ienvironment, ithey ican ibecome idangerous iwhen ithey ibuild iup iin iliving ithings. iMercury, 

icadmium, iarsenic, ichromium, inickel, icopper, iand ilead iare iamong ithe imost icommon 

iheavy imetals ithat ipollute ithe ienvironment[[5]. 

 Animals iand ihumans ican ibe iexposed ito icadmium iin imany iways, iand iit ican ibe 

ireleased iinto ithe iatmosphere ias ia iresult iof inatural ior iman-made iactivities. iSurface 

irunoff iinto isediments, iindustrial iwaste, iand iabsorption iall icontribute ito icadmium 

ipoisoning iof ithe iaquatic ienvironment. iCadmium ipoisoning ioccurs iwhen ia iperson 

iconsumes ifood, ibreathes iin iair, ior idrinks iwater icontaminated iwith ithe imetal. icadmium 

ihas ino iqualities ithat iare ibeneficial ifor iplant igrowth ior imetabolic iactivities[4-6]. 

 One iof ithe imost idangerous iheavy imetals ithat ican ibe ipresent iin ithe ibiosphere iis 

imercury. iIt ihas ialso iexpanded ifar iand iis ibecoming imore iprevalent iin ithe iatmosphere 

ias ia iresult iof ihuman iactivity. iWhen imercury icomes iinto itouch iwith iaquatic isediments, 

iit itransforms iinto ithe iextremely ihazardous imethylmercury[6]. iThrough ithe ifood ichain, 

imethylmercury ienters ithe ihuman ibody ithrough ifish, iseafood, iand iwildlife ithat ihave 

ibeen icontaminated iby iconsuming iharmful imicrobes. iAfter ibeing iabsorbed iinto ithe 

ihuman ibody, iit ienters ithe ibloodstream iand iresults iin ia inumber iof ineurological iissues[6]. 

 Lead iis ia imetal ithat iis ipresent iin inature iin icomparatively ismall ilevels iand iis inot 

ibiodegradable. iBecause iof ihuman iactivities ilike imining, imanufacturing, iand iburning 

ifossil ifuels, iatmospheric ilead ilevels iare isteadily irising. iWhen iexposed ito ihigher ithan 

iideal ilevels, ilead iis ihazardous ito ithe ihuman ibody. iChildren iare imore isusceptible ito 
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ilead ipoisoning, iand ithe iseverity iof ithe iillness iworsens iwhen ithey icome iinto itouch iwith 

idust ithat icontains ienvironmental ilead[7]. 

 The imost icommon iof ithe iharmful iheavy imetals, imanganese, ican ibe ifound iin inature iin 

ia ivariety iof ioxidation istates. iManganese ioxides iare ireleased iinto ithe iatmosphere iwhen 

imethylcyclopentadienyl imanganese itricarbonyl i(MMT), ia ipetrol iadditive, iburns. iDespite 

ibeing inecessary ifor imany iphysiological iprocesses, imanganese ican ibe iextremely 

ihazardous iif iconsumed iin iexcess. i[7] 

 The imetal ichromium iis ipoisonous iand icarcinogenic. iIt ican ibe ifound iin itwo istable 

ioxidation istates iin ithe ienvironment: ichromium i(III) iand ichromium i(IV) i(VI). iA iless 

idangerous iversion iof ichromium i(VI) iis ichromium i(III). iDuring iindustrial iactivities, ithey 

ihave ithe iability ito iinterconvert ito ione ianother. iHowever, ibecause ichromium i(III) iis iless 

ipoisonous ithan ichromium i(VI), iits iconversion iis iless idetrimental ito ithe ienvironment. 

iNumerous ienterprises ithat iemploy ichromium iendanger ilocal iclimates. iThe iemissions 

ifrom ithe iferrochrome iindustry iare ithe ilargest iwhen icompared ito ienvironmental inatural 

ichromium iemissions i(Fig. i1) i[8] 

 
Figure 1: Diagrammatic explanation about heavy metals in the environment[4] 

 

 Nanogramme ilevels iof ithe itoxic imetal iantimony ican ibe idetected iin ithe iatmosphere. iEmissions iinto  

ithe iatmosphere iare icaused iby iboth iman-made iand inatural iprocesses, isuch ias iweathering  iand  ivolcanic 

iactivity i

[8]. iInhalation iof iantimony ican icause ipoisoning iin iindustrial iworkers i(Fig. i1). iPancreatitis,  

icardiotoxicity, iand irespiratory iissues i(pleural iadhesions, ichronic iemphysema, ichronic ibronchitis,  

irespiratory iirritation, iand idormant  ituberculosis) iare iamong ithe iphysiological ideficiencies ibrought  ion 

iby iantimony ipoisoning. iAdditionally, iit  idamages ireproduction iand icauses icancer. iThallium iis 
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idangerous ito  iliving  ithings iand ican ibe ifound iin ithe ienvironment  iin ia ivariety iof iforms. iOf iall ithe iheavy 

imetals, ithorium iis ithe imost  ihazardous. imonovalent  ithallium iions iform iin inatural iwater iand  iare 

ireleased iinto  ithe iatmosphere iby ian iaqueous ipathway i(Fig. i1). iFurthermore, ione iof ithe imain icauses iof 

ithe irise iin ithallium ilevels iin ithe iatmosphere iis iindustrial ipollutants. iHumans iare iseverely iharmed  iby 

ithallium iexposure[9]. 

Soil iTypes iAnd iIrrigation iPractices 

 The idistrict's inorthern iregion iis idistinguished iby icierozem, ior idry isoil, iwhich iranges iin 

icolour ifrom ipale ito iyellowish ibrown. iBetween i75 iand i100 icm iof idepth iwas iwhere ithe 

icancar ilayer i(estimated iconcrete) iwas idiscovered. iThe isoil ihas ia igentle idrainage iand iis 

ideep. iNatural ifertility iand imoisture iretention iare ioften ilow, iand ipermeability iis 

imoderately islow ito ifairly isluggish i[2]. iThe imost icommon itypes iof isoil ithat icontain ithis 

isoil icategory iare iclay isand iand isandy iclay. iThe iarea ialso ihas isand istreaks. iThe 

idistrict's isouthern isection iis idistinguished iby idesert ifloors, iwhich iare ioften idevoid iof 

ilime iconcrete iand ihave ia ivery ilight ibrown ito iyellowish icolour. i iThe ifloor ihas ia ihigh 

ipermeability, ia ilow imoisture icontainer icapacity, iand iis inormally iwell-drained. iAlthough 

ifountains iand ipipe iholes ipass ithrough imultiple ilocations, ithe idistrict's iprimary iwatering 

iagents iare ichannels i[7]. 

Heavy iMetal iAnalysis 

• iMetal iSelection: iLead i(Pb), icadmium i(Cd), ichromium i(Cr), icopper i(Cu), iiron i(Fe), 

imanganese i(Mn), inickel i(Ni), iand izinc i(Zn) iare iamong ithe imetals ithat ithe istudy iis 

imost ilikely ito iconcentrate ion. 

• iAnalytical iMethods: iThe iamounts iof ithese imetals iwould ibe iascertained iusing 

imethods isuch ias iinductively icoupled iplasma imass ispectrometry i(ICP-MS) ior iatomic 

iabsorption ispectroscopy i(AAS)[7]. I 

Exposure To Heavy Metals And Environmental Pollution 

 By ibinding ito  isulfhydryl igroups iand  iproducing  ireactive ioxygen ispecies i(ROS), iheavy imetals icause 

itoxicity ito  ibiological isystems i(Figure i2). iThis iresults iin ioxidative istress, iglutathione idepletion, iand  

ithe iinactivation iof iessential imacromolecules. iNumerous imechanisms, isuch ias iinteraction ior 

iinhibition iof icertain imetabolic ipathways, ioccur iafter iexposure ito  ihazardous imetals iand ientry iinto  ithe 

ibody i

[4-6]. iNumerous idetrimental iconsequences ion iboth ihumans iand ianimals iare itherefore inoted. i 

These iinclude idiseases iof ithe iimmune isystem, icancer, icongenital iconditions, imetabolic idisorders, 

ichanged ihormones, iand ispecific iorgan idysfunctions[4]. iAs ia iresult, ia ilot  iof iinternational 
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iorganisations iestablish iguidelines ifor ithe ilevels iof imetals iin ifood, idrinking  iwater, iand ithe  

ienvironment. iHeavy imetal ilevels iin ifood iand iwater iare iexamined iin irisk iassessment  istudies. iAbout  

ione-fifth iof ithe i193 iAyurvedic iand iwell-known iIndian iherbal iremedies ithat  i

[4]
 iexamined iincluded  

imercury, ilead, iand  iarsenic. iNearly i21% iwere ifound ito  ihave imeasurable ilevels iof iAs, iPb, iand  iHg.  

iNotably, ievery iproduct  ithat  iincluded imetal iwent  ibeyond iand ibeyond ione ior imore irecommended  

idaily imetal iconsumption icriteria. iThis icould ilead ito  iingestions iof iPb iand/or iHg ithat  iare i100–10,000 

itimes ihigher ithan ipermissible ilevels. iIn iaddition, ithe iamount  iof imetals ithat  ican ienter ithe ibody ieach 

iday iis icontrolled. iRegulatory ibodies ishould iset  idaily idosage ilimits ifor iheavy imetals iin idietary 

isupplements. iAdditionally,  iproducers imust  ievaluate itheir iproducts ifor istandard icompliance. iEven 

ithe imost  ipristine iareas iare inow iaffected iby ienvironmental icontamination. iHeavy imetals iPb, iCd, iCr, 

iAs, iand iHg iwere ifound ieven iin iremote iareas ilike iMount  iEverest. iThe ilevels iof iAs iand iCd iin ievery   

iEverest  isnow isample iwere igreater ithan ithose irecommended iby ithe iUSEPA ifor idrinking iwater. iIn 

iaddition, ievery isoil isample ihad isubstantial ilevels iof iAs icontamination. Samples iwere itaken ifrom 

Sri iGanganagar's iagricultural ilocations ithroughout ithe ipost-monsoon iseasons iin iorder ito 

analyse ithe ilevels iof iheavy imetals iin ithe iwater, isoil, iand icrops. iWater iSamples iwere 

collected iin ipolycarbonate ibottles ithat iwere irinsed imultiple itimes iwith idistilled iwater 

after ibeing iproperly icleaned iwith initric iacid. iFollowing ithe iwet iseason, isamples iof isoil 

from ithe isuperficial imineral ilayer i(5–20 icm) iand icrop ileaves iwere igathered ifrom ian 

area iwith ia ilot iof iagricultural icover i[7]. iSamples iof isoil iwere iair-dried iat i20° iC iand 

milled iin ia imortar ito ifit ithrough ia i2 imm isieve ibefore ianalysis. iThe ichosen icrops' 

leaves iwere iproperly icleaned iin ideionized iwater ito iget irid iof iany iparticles, ithen idried 

iat i70° iand iground iinto ia ipowder. iThe ifirm iBorosil iglass itube iwas ifilled iwith i0.5 

igramme iof isoil iand icrop isamples ithat ihad ibeen iweighed. iEach isample ireceived ia i4:1 

iaddition iof iconcentrated initric iacid iand iperchloric iacid. iThe isamples iwere isubmerged iin 

ia iwater ibath ifor ifive ito isix ihours, ior iuntil ithey iwere ifully idigested iand itransparent. 

iThe ifat iwas ithen ineutralized iand idissolved iby iadding ithree ito ifour idrops iof i30% 

iH2O2. iEach isample iwas icooled, ithen idiluted iwith i10 imilliliters iof ideionized iwater, 

iplaced iin ia isterile iBorosil iglass ivial, iand iallowed ito icool iat iroom itemperature ibefore 

ianalysis i[8]. 
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Figure 2: Oxidative stress and organ toxicity following exposure to heavy metals[4]. 

Material iAnd iMethods 

Results iAnd iDiscussion 

Evaluation iof iHeavy iMetals iin iSoil iand iWater: iEighty isamples iwere iexamined ifor ithe 

ipresence iof inine imajor iheavy imetals iin iSri iGanganagar idistrict's isoil iand iwater. 

iAgrochemical iapplication iintensity, ipopulation idistribution, iand isubstantial iagricultural 

iactivities iwere itaken iinto iconsideration iwhen ichoosing ithe ivarious iareas. iZn: i0.138 ippb, 

iPb: i0.125 ippb, iCu: i0.030 ippb, iCd: i0.006 ippb, iFe: i1.583 ippb, iNi: i0.068 ippb, iCr: 

i0.125 ippb, iMn: i0.076 ippb, iand iCo: i0.033 ippb iwere ithe iaverage iconcentrations iof ithe 

ivarious iheavy imetals iin iwater isamples. iThe isequence iof iheavy imetal icontamination iin 

iwater isamples iwas iFe i> iZn i> iCr i> iPb i> iMn i> iNi i> iCu i> iCo i> iCd. iThe iaverage 

iamounts iof ivarious iheavy imetals iwere ialso ifound ito ibe iZn: i0.125 ippb, iPb: i0.125 ippb, 

iCu: i0.025 ippb, iCd: i0.003 ippb, iFe: i12.70 ippb, iNi: i0.050 ippb, iCr: i0.163 ippb, iMn: 

i0.376 ippb, iand iCo: i0.020 ippb, iaccording ito ithe istudy's iexamination iof isoil isamples 

i(Table i1)[8]. iThe iorder iof iheavy imetal icontamination iin isoil isamples iwas 

iFe>Mn>Cr>Zn>Pb>Ni>Cu>Co>Cd. iThe iaverage iconcentration iof iheavy imetals iin iwater 

iwas isignificantly ihigher ithan iin isoil, iwhich iis ian iinteresting ifinding. iTheir ipercolation 

iin iground iwater icould ibe ithe icause. iGround iwater icontamination imay ibe icaused iby 

https://www.frontiersin.org/files/Articles/643972/fphar-12-643972-HTML/image_m/fphar-12-643972-g002.jpg
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iheavy imetals ithat iare inaturally ipresent ias iwater-soluble isalts iand ireleased ifrom ivarious 

iagrochemicals iused ion icrops i[9]. 

Table i1: iLevels iOf iSeveral iHeavy iMetals iIn iWater iand iSoil i[9] 

S.No. Heavy 

iMetal 

Soil i(ppb) Water i(ppb) 

Min. Max. Ave. Min. Max. Ave. 

1 Zn 0.1 0.3 0.2 0.2 0.3 0.25 

2 Pb 0.2 0.4 0.3 0.1 0.3 0.2 

3 Cu 0.11 0.14 0.125 0.12 0.14 0.13 

4 Cd 0.011 0.023 0.017 0.024 0.028 0.026 

5 Fe 12.22 17.92 15.07 0.13 5.12 2.625 

6 Ni 0.22 0.38 0.3 0.24 0.29 0.265 

7 Cr 0.3 0.4 0.35 0.2 0.4 0.3 

8 Mn 0.36 0.45 0.405 0.13 0.5 0.315 

9 Co 0.22 0.34 0.28 0.21 0.35 0.28 

 

The icurrent istudy's ifindings imay ibe irelated ito ithose iof ia iprevious iinvestigation ithat 

iwas iconducted iin iparts iof iMorocco's iKettara iabandoned imine iand ithat idescribed ihow 

icertain imetals imoved ivia isoil iand iwater i[9]. iCertain iCrops iContain iHeavy iMetals: iFour 

iimportant icrops iCyamopsis itetragonoloba i(Gawar), iVigna iradiata i(Moong), iPennisetum 

iglaucum i(Bajara), iand iGossypium iarboretum i(Narma) iwere ichosen ifor ithe icurrent istudy 

iin iorder ito ievaluate ithe ieffects iof iheavy imetals ion icrops igrowing iin iareas iaffected iby 

iheavy imetals. iSelected icrops' iconcentrations iof iZn, iPb, iCu, iCd, iFe, iNi, iCr, iMn, iand 

iCo iwere iexamined. iRope isamples iwere igathered ifrom iseven idistinct ilocations. iTo 

iascertain ithe iheavy imetal iconcentration iof ithe ivarious icrop isections i(roots, ileaves, iand 

ileaves), iall iof ithe isamples iwere iexamined. iNumerous iresearchers iin ivarious iregions iof 

iIndia ihave idetected iheavy imetal itoxicity i(Pb, iCd, iCr, iCu, iMn, ietc.) iin ianimals ias ia 

iresult iof ipolluted ifodder i[10]. iGawar ihad ithe ihighest iaverage iconcentration iof iCd i(0.005 

ippb), iwhereas iBajara ihad ithe ilowest iaverage ivalue i(0.001 ippb). iVegetables icultivated 

ion iwaste idisposal isites iin iKumasi, iGhana, iwere ithe isubject iof ia isimilar istudy ithat 

irevealed ihigh ilevels iof icadmium icontamination i(0.68%–1.78% img/kg)[10]. iBecause iof iits 

ipropensity ito icause icancer iand iits ilink ito ikidney iand ibone idamage, icadmium itoxicity 

iin iwastewater-irrigated icrops iis ibecoming ia ibigger ihealth iproblem. iThe imost iprevalent 

imetals iin icrops iare igenerally icopper iand izinc, iwhich iare ialso ivital imicronutrients ifor 
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iplants i[8]. iGawar ihad ithe ihighest irecorded iconcentration iof izinc i(0.300 ippb), iwhereas 

iNarma ihad ithe ilowest iaverage iconcentration i(0.150 ippb).Likewise, ithe ihigher ilevel iof 

iCu iwas imirrored iin ithe iaverage iconcentrations iof iMoong i(0.042 ippb) iand iGawar 

i(0.050 ippb). iNi iconcentrations iwere ifound ito ibe ion iaverage i0.059 ippb iin iBajara iand 

i0.058 ippb iin iGawar. iPlant iheight, ishoot iand iroot ibiomass, ileaf isoluble isugars iand 

istarch, iand ithe iNi icontents iof ithe ishoots iand iroots iwere ithe iplant imetrics iutilised ito 

iexamine ihow iheavy imetals iaffected itheir igrowth. iThe igrowth, imorphology, 

iphotosynthesis, imineral inutrition, iand ienzyme iactivity iof iplants iwere iall iimpacted iby 

inickel's igeneral ireduction iof ileaf isoluble isugars i[9].Bajara ihas ithe ihighest iaverage 

iconcentration iof iiron i(6.945 ippb). iDue ito iits iseveral ibiologically isignificant iroles iin 

iphotosynthesis iand ibiosynthesis, iiron iis ione iof ithe ielements ithat iall iplants irequire. 

iGawar ihad ithe ihighest iaverage iMn iconcentration i(0.261 ippb), iwhereas iBajara ihad ithe 

ilowest i(0.196 ippb). iThe icurrent iinvestigation's iresults iare iconsistent iwith ia istudy ithat 

ifound ithat ian iexcess iof imanganese i(Mn) iin ileaves ilowers ithe iphotosynthetic irate i[10]. 

Conclusion 

Most  iheavy imetals iexist  iin ithe ienvironment  iand  ioccur inaturally. iSome itoxic iheavy imetals iare iemitted 

iinto  ithe ienvironment  ifrom ianthropogenic isources. iExposure iof ithe ihuman ibody ito  iheavy imetals iis  

ieither ienvironmental, ibecause ithe  imetal ialready iexists iin inature, ior ithrough iforeign isources.iThis 

istudy's iprimary iobjective iwas ito idetermine ithe ilevels iof iseveral iheavy imetals iin ithe 

iground, iwater, iand icommonly igrowing iplants iin ithe idistricts iof iSri iGanganagar. 

iAssessing ithe ilevels iof idifferent iheavy imetals iin ithe isoil, iwater, iand ia ifew iregularly 

iproduced icrops iin ithe iSri iGanganagar idistrict iwas ithe iprimary igoal iof ithe icurrent 

istudy. iThe iconcentration iof iheavy imetals iin iwater isamples iwas ifound ito ibe iFe> iMn> 

iCr> iZn> iPb> iNi> iCu> iCo> iCd, ibut iin isoil isamples, ithe iconcentration iwas ifound ito 

ibe iFe> iMn> iCr> iZn> iPb> iNi> iCu> iCo> Cd.  People ishould inot  iuse ichemical iproducts 

iwhere itoxic iheavy imetals iuse iextensively. iRegardless, iself-awareness imay ihelp ieveryone ito  ireduce 

ithe iattachment  iwith iheavy imetals.Chronic ilow idosage iexposure ito inumerous ielements iis ia 

isubstantial ithreat  ito  ipublic ihealth iin imany iregions iwith imetal ipollution, iparticularly iin iplaces iwhere 

imetal ipollution iis iubiquitous. iUnderstanding  ithe imechanistic ibasis iof iheavy imetal iinteractions iis  

icritical ifor ithe ievaluation iof ihealth irisks iassociated iwith ichemical icombinations iand  ithe imanagement  

iof isuch irisks. i 



50 
www.njesr.com 

 

References 

[1]. Singh, iA. iK. i(2024). iNew iEvidence iof iHarappan iCulture iin iVijaynagar iTehsil, iSri 

iGanganagar iDistrict, iRajasthan. iLibrary iof iProgress-Library iScience, iInformation 

iTechnology i& iComputer, i44. 

[2]. Naik, iP. iR., iRajashekara, iV. iA., i& iMudbidre, iR. i(2024). iQuantification iof inatural 

iuranium iand iits irisk ievaluation iin igroundwater iof iChikkaballapur idistrict iin iKarnataka, 

iIndia. iEnvironmental iMonitoring iand iAssessment, i196(9), i779. 

[3]. Sahoo, iM. iM., i& iSwain, iJ. iB. iAssessment iof iHydro-Geochemical iCharacteristics iand 

iFluoride iContamination iin ithe iLakes iof iRajasthan, iIndia: iPotential iHuman iHealth iRisk 

iAssessment. iIndia: iPotential iHuman iHealth iRisk iAssessment. 

[4]. Sahoo, iS. iK., iKatlamudi, iM., i& iP, iB. iC. i(2024). iSpatial idistribution iand iradiological 

irisk iassessment iof isoil iradon i(222Rn) iand ithoron i(220Rn) iin iGandhinagar icity, iGujarat, 

iIndia. iJournal iof iRadioanalytical iand iNuclear iChemistry, i333(3), i1403-1417. 

[5]. Velamala, iR. iR., i& iPant, iP. iK. i(2024). iSFM_MB iToolbox: ia inew iArcGIS itoolbox 

ifor ibuilding ispatial idistribution imaps iof isoil ifertility iusing imodel ibuilder iin iArcMap iof 

iArcGIS, ia icase istudy. iArabian iJournal iof iGeosciences, i17(1), i46. 

[6]. Palanisami, iK., i& iNagothu, iU. iS. i(2024). iMaximizing iWastewater iReuse. iIn iIndia's 

iWater iFuture iin ia iChanging iClimate i(pp. i119-138). iSingapore: iSpringer iNature 

iSingapore. 

[7]. Sahoo, iS. iK., iChandar, iP. iB., i& iKatlamudi, iM. (2024). Assessment of contamination 

level of radon (222Rn) in drinking water around Tulsishyam geothermal area and Savarkundla 

fault in Saurashtra, India. Environmental Geochemistry and Health, 46(10), 382. 

[8]. Singh, S. V., Sharma, R., Balan, P., Durgude, S., & Ghosh, S. (2024). Nanomaterials for 

inorganic pollutants removal from contaminated water. In Nano-Bioremediation for Water and 

Soil Treatment (pp. 151-170). Apple Academic Press. 

[9]. Naik, P. R., Rajashekara, V. A., & Mudbidre, R. (2024). Quantification of natural uranium 

and its risk evaluation in groundwater of Chikkaballapur district in Karnataka, 

India. Environmental Monitoring and Assessment, 196(9), 779. 

[10]. Oni, E. A., Adedeji, P. O., Aremu, A. A., Oladapo, O. O., Ayanlola, P. S., & Lawal, M. K. 

(2024). Effect of Seasonal Variation and Soil Parameters on Soil-Gas Radon Concentration in 

Ogbomoso, South Western Nigeria. Nigerian Journal of Physics, 33(2), 10-15. 


